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INTRODUCTION 
The Department of Oceanography, Old Dominion U n i v e r s i t y ,  p a r t i c i p a t e d  i n  a 
1980 NASA/NOAA Superflux program. To s u p p o r t   t h e   s c i e n t i f i c   o b j e c t i v e s  of 
t he  program, water samples were collected and analyzed for hydrocarbons, 
chlorophyl l ,  nutr ients ,  and suspended sol id  concentrat ions and s ize  dis t r ibu-  
t i ons .  The program  consisted  of  three  experimental  study  periods (March, 
Superflux I,  June,  Superflux 11, and  October,  Superflux I11 ) i n  1980 t o  
study the plume of Chesapeake Bay under various seasonal conditions.  
Th i s   r epor t   u t i l i zed   t he   da t a   co l l ec t ed   du r ing   t he   Supe r f lux  I1 mission 
to  desc r ibe  the  d i s t r ibu t ion  o f  s eve ra l  component character is t ics  of  suspended 
s o l i d s  t h a t  may have influenced the Chesapeake,Bay entrance and adjacent 
she l f  waters. 
Superflux I1 w a s  conducted between the 18th and the 27 th  of  June,  1980. 
The NOAA sh ips  Delaware I1 and  George B. Kelez  and the  R/V Linwood Holton 
co l l ec t ed  water from 50 s t a t i o n s  a d j a c e n t  t o  t h e  e n t r a n c e  o f  Chesapeake Bay 
( f i g s .  l ( a )  and l ( b ) ) .  Samples  were co l l ec t ed   a t   s t anda rd   Supe r f lux  
s t a t ions   ( a long   fou r   she l f   t r ansec t s )  and a t  s i x  =LEX s t a t i o n s .  BAPLEX 
is a program a t  t h e  Department of Oceanography t o  s t u d y  bay  plumes. S t a t i o n  
loca t ions  and sequences of sampling were determined by D r .  James P. Thomas, 
Superflux work uni t   monitor   ( tables  1 t o  3 ) .  
Approximately 400 samples  were co l lec ted  for  the  var ious  ana lyses ,  inc lud-  
ing 138 for  suspended sol ids .  Character is t ics  of suspended  so l ids  tha t  were 
analyzed  included:  total   suspended  matter (TSM), t o t a l  suspended  inorganics 
(TSI) ,  total  suspended organics  (TSO), p e r c e n t  o r g a n i c s ,  p a r t i c l e  s i z e  d i s -  
t r i b u t i o n  (PSD) and presence or absence of 11 of the most prominent  par t ic le  
types.  
METHODS 
Optimal ver t ica l  representa t ion  of  the  water  column w a s  obtained by 
sampling four depths a t  each station. Surface samples were taken with buckets 
and 8 - l i t e r  N i s k i n  b o t t l e s  were used to obtain water samples from two mid-depths 
and 1 m above the  bottom.  Samples t o  be analyzed for suspended solids were 
withdrawn f i r s t ,  f o l l o w e d  by the  b io log ica l  and  chemical  samples.  Approximately 
one liter was co l l ec t ed  fo r  de t e rmina t ion  of TSM and 500 milliiiters w e r e  
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c o l l e c t e d  f o r  PSD analysis. Temperature and salinity measurements were also 
taken a t  each  s ta t ion  wi th  an  RS-5 induct ive sal inometer .  
The suspended s o l i d s  were f i l t e r e d  onboard ship immediately following 
sample co l l ec t ion  us ing  Gelman type A/E glass f i b e r  filters t h a t  had been 
prewashed, preigni ted and preweighed.  Fi l ters  were weighed  on a Mettler 
Balance with an accuracy'of 0 .1  mg. 
I n i t i a l l y ,  a microscopic  overview of  the f i l ters  revealed Ceratium sp., 
Peridinium sp., a v a r i e t y  of centric diatoms, Biddulphia sp., t i n t i n n i d s ,  
lamillebranch larvae,  pennate diatoms, a var ie ty  of  zooplankton,  fecal  pellets,  
inorganic/organic  f ibers  and quartz  grains  as t h e  most prominent  par t ic le  types 
present  in  the  samples .  More thorough microscopic  ana lys i s  of  each  f i l t e r  w a s  
performed t o  determine the presence, absence, or abundance of each particle 
type - 
Concentrations of TSO and TSI were determined by weight loss after ignition 
of t h e  f i l t e r s  f o r  2 hours a t  400° C. The f i l t e r s  were e q u i l i b r a t e d  f o r  1 hour 
before  being weighed. 
OBSERVATIONS AND DISCUSSION OF RESULTS 
The three major parameters of suspended solids,  t o t a l  suspended matter, 
to ta l  suspended inorganics and total  suspended organics,  were p l o t t e d  i n  
c ros s - sec t ion  and  a rea l ly  fo r  t he  th ree  dep th  in t e rva l s .  S ince  p rec ip i t a t ion  
on the watersheds of t h e  Chesapeake Bay w a s  abnormally low i n  June, low con- 
c e n t r a t i o n s  o f  t o t a l  p a r t i c u l a t e s  were  expected. The average concentrat ion 
of  the 138 samples analyzed for TSM was 3 .2  mg/& ( t a b l e  4 ) .  
The d i s t r i b u t i o n  of su r face  concen t r a t ions  i l l u s t r a t ed  tha t  t he  concen t r a -  
t i o n s  of t o t a l  suspended matter were lower a t  t h e  s h e l f  s t a t i o n s  and higher 
a d j a c e n t   t o   t h e  Bay en t rance   ( f ig .  2 ) .  The h ighes t   sur face   concent ra t ions  
were  found ad jacent  t o  Cape Henry, Vi rg in ia .  The concent ra t ions  were r e l a t i v e l y  
constant  (2.1 t o  2.5 mg/R) across  the  Bay en t r ance  in  a n o r t h e a s t  d i r e c t i o n  
and i n  a sou the r ly  d i r ec t ion  a long  the  Vi rg in i a  coas t l i ne .  
The a r e a l  d i s t r i b u t i o n s  of concentrations a t  t h e  mid-depth i n t e r v a l  
(3  t o  6 m) and a t  1 m above the bottom showed the  same genera l  t rend  ( f igs .  3 
and 4 ) .  The h ighes t  concent ra t ions  were near  Cape Henry,  and  concentrations 
decreased in  an offshore direct ion and south of  False  Cape. 
The c ross -sec t iona l  d iagrams of  the  f ive  t ransec ts  ( f ig .  5 )  were constructed 
a s  an a l t e r n a t e  method of viewing the data.  The BAPLEX t r a n s e c t  ( p r o f i l e  A)  
ind ica ted  a minor i n c r e a s e  i n  t o t a l  suspended matter with depth, with higher 
values a t  the margins  of  the entrance adjacent  to  Cape Henry and Fishermans 
Island.  Approximately  9.2 km to the  south  of  prof i le  A ( p r o f i l e  B ) ,  the  
concentrat ion of  total  suspended matter  decreased in  an offshore direct ion and 
increased with depth.  Data from p r o f i l e s  C ,  D and E exh ib i t ed  s imi l a r  t r ends  
wi th  increas ingly  lower concentrat ions away from Cape Henry. 
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Surface  d is t r ibu t ion  of  organic  matter showed very little v a r i a t i o n  i n  
concent ra t ion  ( f ig .  6 ) .  Concentrations were genera l ly  low and  values  ranged 
from 0.4 t o  1 . 4  mg/% with a mean of 1.1 mg/fi. It w a s  a n t i c i p a t e d  t h a t  o r g a n i c s  
would comprise the major por t ion  of  to ta l  suspended particulates due t o  the  
extremely low runof f ,  bu t  it w a s  found tha t  o rgan ic  material accounted for 
only 30 t o  50 percent of TSM in  the majori ty  of  the samples .  The organic  
percentage of TSM i n c r e a s e d  s l i g h t l y  i n  a n  o f f s h o r e  d i r e c t i o n .  R e l a t i v e l y  
high inorganic  percentages of  total  suspended matter may be due t o  t h r e e  
poten t ia l   sources :  (1) resuspension  within  the Bay, (2) resuspension  over 
shoa l s  i n  the  Bay mouth area, and/or ( 3 )  runoff .  S ince  the  concent ra t ion  of  
organic matter w a s  r e l a t i v e l y  c o n s t a n t ,  v a r i a t i o n s  i n  c o n c e n t r a t i o n s  o f  
inorganic  matter c o n t r o l l e d  v a r i a t i o n s  i n  t h e  c o n c e n t r a t i o n s  o f  t o t a l  suspended 
mat te r .  Spa t ia l  d i s t r ibu t ions  of  to ta l  suspended  inorganics  a t  t h e  three depth 
i n t e r v a l s  showed t r e n d s  i d e n t i c a l  t o  t h o s e  f o r  TSM ( f i g s .  7 t o  9) .  
Inspection of the microscopic components of the suspended sol ids  data  
revea led  severa l  genera l  t rends  tha t  complimented the  t rends  observed  for  
concentrations of organic and inorganic suspended matter (appendix).  
Cent r ic  d ia toms,  feca l  pe l le t s  and quartz  grains  appeared to  have sources 
within the Bay, whereas  zooplankton  were  found in  pa tches  outs ide  the  Bay 
entrance.  Centric diatoms were p re sen t  a t  a l l  d e p t h s  a t  t he  s t a t ions  ac ross  
the  Bay mouth ( p r o f i l e  A) and i n  s u r f a c e  and  mid-depth nearshore waters .  Stat ions 
f u r t h e r  o f f s h o r e  d i d  n o t  c o n t a i n  t h e s e  s p e c i e s  a t  any dep th  ( s t a t ions  803, 
804,  807,  810,  and  813).  Quartz  grains were observed i n  samples  from a l l  
depths  in  the  Bay entrance and from nea r shore  s t a t ions  fo r  t r ansec t s  B ,  C and D 
(stations  69,  802,  803,  805, 819 and 820) .   T in t inn ids  showed a similar 
pa t te rn ;  they  were observed a t  a l l  d e p t h s  a t  the  Bay mouth s t a t i o n s  ( p r o f i l e  A) 
and s t a t i o n s  819 and  820. Feca l  pe l le t  d i s t r ibu t ion  in  bot tom waters  appeared  
t o  be l i m i t e d  t o  t h e  Bay entrance area and nearshore  waters  ad jacent  to  Cape 
Henry and Virg in ia  Beach (stations 69, 802, 805, 808,  820,  819  and 7 1 ) .  
Inorganic /organic  f ibers  were present  in  sur face  waters  for  a l l  BAPLEX s t a t i o n s  
and a t  d e p t h  a t  s t a t i o n s  a d j a c e n t  t o  Thimble Shoal Channel (stations 3 and 800).  
Surface waters  off  False  Cape, Vi rg in ia ,  a l so  conta ined  some of t h i s  m a t e r i a l .  
The dis t r ibut ion of  concentrat ions of  total  suspended matter as depicted 
by contouring procedures has obvious l imitations since the sample collection 
w a s  spaced  over a 10-day per iod.  I t  was a l s o  d i f f i c u l t  t o  c r e a t e  a synopt ic  
view  of the  area, but  the  Super f lux  I1 observat ions  did  not  seem t o  i l l u s t r a t e  
the presence of a su r face  o r  nea r - su r face  tu rb id i ty  plume emerging from the 
mouth of  Chesapeake Bay. Trends  observed were charac te r i s t ic  of  June  condi t ions  
only and cannot be used t o  p r e d i c t  p a t t e r n s  and concen t r a t ions  du r ing  d i f f e ren t  
seasons and under different runoff conditions.  
Par t ia l  analysis  of  the  October  15,  1980 por t ion  of the  Superf lux I11 
da ta  d id  i l l u s t r a t e  t he  p re sence  o f  a su r face  o r  nea r - su r face  tu rb id i ty  plume 
assoc ia ted  wi th  Chesapeake  Channel waters. The October  15  experiment  involved 
a sampling scheme t h a t  w a s  more appropr i a t e  t o  local dynamics, therefore 
a i d i n g  i n  t h e  c r e a t i o n  of a synopt ic  view  of the region. Four ships were 
employed t o  c o l l e c t  samples simultaneously along four transects (fig. l b ) .  
Similar procedures were fol lowed for  suspended sol ids  analysis  of t o t a l  
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suspended matter, t o t a l  suspended inorganics and t o t a l  suspended organics. 
Concentrations were p lo t t ed  in  c ros s - sec t ion  t o  determine whether a p a t t e r n  
w a s  evident  (fig . lo) . 
The contours drawn f o r  the Bay e n t r a n c e  ( p r o f i l e  A) were specu la t ive  
because bottom samples were n o t  c o l l e c t e d  a t  t h o s e  t h r e e  s t a t i o n s .  However, 
concen t r a t ions  a long  p ro f i l e  A i l l u s t r a t e d  h i g h e r  c o n c e n t r a t i o n s  a t  t he  su r face  
ad jacent  t o  Chesapeake  Channel. I n s u f f i c i e n t  d a t a  c o l l e c t i o n  from t h e  Bay 
margins prevents any speculation on c o n c e n t r a t i o n  v a r i a b i l i t y  t h a t  may have 
been produced by the North Channel or t h e  James River. 
P r o f i l e  B i l l u s t r a t e d  r e l a t i v e l y  h i g h  s u r f a c e  c o n c e n t r a t i o n s  a d j a c e n t  
t o  V i r g i n i a  Beach and  decreas ing  va lues  in  an  of fshore  d i rec t ion .  The c e n t r a l  
p a r t  of p r o f i l e  C showed the strongest influence of Chesapeake Channel waters 
and the  poss ib le  ex is tence  of  a t u r b i d i t y  plume. 
Twenty-two km south of Cape Henry the re  w a s  s t i l l  evidence of r e l a t i v e l y  
h igh  sur face  concent ra t ions  through the  cent ra l  par t  of t h e  p r o f i l e .  
CONCLUSION 
Analyses of water  samples  collected  during  the  Superflux I1 mission 
ind ica ted  severa l  tu rb id  reg ions  assoc ia ted  wi th  resuspended  mater ia l ,  a l though 
t h e r e  seemed t o  be no semblance of a su r face  o r  nea r - su r face  tu rb id i ty  plume 
emerging  from the  Chesapeake Bay mouth. This was probably  re la ted  t o  drought 
c o n d i t i o n s  p r i o r  t o  and during the time of the experiment. Superflux 111 
s i z e  d i s t r i b u t i o n  d a t a  ( r e f .  1) and t o t a l  suspended matter ca l cu la t ions  d id  
i l l u s t r a t e  t h e  p o s s i b l e  e x i s t e n c e  of a nea r - su r face  tu rb id i ty  plume i n  t h e  
Bay entrance area. Completion of the  ana lyses  for  the  Super f lux  I11 da ta ,  
inc luding  the  de te rmina t ion  of TSO and TSI, w i l l  provide more information 
about  the,contents  and presence of a sur face  or  near -sur face  turb id i ty  plume 
i n   t h e  area of the Chesapeake Bay entrance.  
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STATION 
800-1 6-17 2.29 1.35 0.93 4n  .9 X x x  
800-5 2100 2.96 2.04 0.92 31.0 X x x  
800-7 15 3.90 2.16 0.93 30 .O X x x  X X 
./ A01-1 6-18 2.73  1.72  1.01  37.0 x x  x X ' 801-5  1210 2.10  1.10  1.00 47.6 x x   X 




4.50  3.50  1.00  22.2 x x  X x x  X 
1 69-1 G- 18 3.49  2.35  1.14  32.7 x x  x X 
69- 5 1445 4.65 3.33 1.31  28.3 x x  x X X 1 69-10 11 10.60  9.30  1.30 12.3 x x  x x x x  X 
802-  1 6-18 2.68  1.75  1.03  38.5 x x  x X X 
80 2-  5 1700  0.61 0.00 0.61  100 .o a X  x x  
802-10 18 2.37  1.34  1.03  43.5 x x  X x x  
802-  15  7.94  7.11  0.82  10.4 X x x  x X 
803-  1 6- 18 3.10  2.20 0.90  29.0 x x   x x  X 
80 3- 5 2030 2.20  1.40 0.80 36.4 a x  X 
803-10  11 2.22  1.31  0.91  40.9 x x  x x x  
A04-1 6-18 2.35  1.33 
804-5  2330 2.00  1.00 
804-10 14.6  1.72  0.91 
804-15  3.06  2.24 
1.02 43.5 x x  X 
1 .oo 50 .O a X  X 
0.81 47.1 a X  x x  
0.82 26.7 X X X 
! h) 0 W 
STATION 
1A- 1 6-  19  2.60  1.70  0.90  34.6 X X X X 
0952 
20.1 
2A- 1 6-19  4.90  3.50  1.40  28.6 x x  x x  
10  18 
20.1 




805-1  6-  19  2.60  1.60  0.80  30.8 x x  X X X 
805-5  1200  2.80  1.80  1.00  35.7 x x  X 
80 5- 10  10  9.80  8.30  1.50  18.1 X x x x  X 
70-1 6- 19 1.90 0.90 1.00 52.6 x x  X X 
70-5 1720 1.50 0.70 0.80 53.3 x x  X X 
70- 10 13 2.60 1.50 1.10 42.3 a x  X x x  X 
70-  13  1.90  1.00  0.90  47.4 a X X X 
806- 1 6- 19  1.20 0.60  0.60 50.0 X x x  
806- 5 1940  1.00 0.30 0.70  70.0 X 
806-  10 15 1.50 0.60 0.90 60 .O x x  x x  
806- 15 3.23 1.92  1.31 40.6 X x x x  X X 
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0.41  38.9 
0.53  44.4 
0.53  44.4 
0.74  45.8 
0.62 45.0 
0.76 47.8 













0.47  36.8 
0.48  28.0 
0.60 24.2 
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00-Surface 6-18 3.87  2.10  1.77  45.7 
00- 1 0755 4.75  3.38  1.38  28.9 
9.1 
0- 1 6- 18 1.75 0.98 0.77 43.8 
0- 3 0855 2.65 1.77 0.88 33.3 
12.8 
0.5-Surface 6-18 2.42 0.99 1.43 59.1 
0.5-1 0920 1.89 1.11 0.78 41.2 
0.5-3 7.0 1.77 0.99 0.77 43.8 
1- 1 6-18 1.98 0.77 1.21 61.1 1 1-3 1030 5.72 0.87 1.85 68.0 
NO COMPONENT PARTICLE ANRLYSIS 
8.0 
2- 1 6-18 2.33 1.22 1.11 47.6 1 2-3 1100 2.72 1.57 1.15 42.3 I 
17.0 
3- 1 6- 18 2.55 1.28 1.28 50.0 
3- 3 1130 1.73 0.86 0.86 50.0 
13.1 
4- 1 6-  18 3.77  2.62  1.15  30.6 

















6- 24 2.29 
0830 2.20 


























a X X 
a X  X 
X X 
X x x  
x x  x x  
X X  X 
x x  x x x  
X x x x  
X X X a  
x x  a 
x x  X 
x x  X 
X x x  
X X 
x x  X 
x x x x  
1-Surface 6-24 2.50 1.00  1.50 60 .O X X X X a X  
1- 1 0905  1.59  0.80 0.80 50.0  x x  x x x  x x  X 
1- 3 8.2 1.90 1.10 0.80 42.1 x x  x X x x  X 
1-Bottom 2.09 1 .oo 1.09  52.4 X x x x  x x  X 
2-Surface 6-24 2.20 0.80  1.40  63.6 X X X  X a x  
2- 1 1025 2.00 0.90  1.10 55 .o X X X X x x  
2- 3 15.5  1.69  0.70  1.00 58.8 a X  X  X x x  
2-Bottom 1.99  1.19  0.80 40.0 X x x x  x x  x X 
3-Surface 6-24 2 -09 1.00 1.09 52.4 X X X X x x  
3- 1 1105 1.70 0.80  0.90 52.9 x x  x X X x x  
3- 3 13.1 1.90 0.70  1.20 63.2 x x  x X x x  




4-Surface  6- 24 2.10  '0 .90  1 .20  57.1 X X X X x x  
4- 1 1140 1 .80  0 .70  1 .10  6 1 . 1  X X X X X 
4- 3 10 .1  2 .21  1 . 0 1  1 .21  54.6 X X X x x x  
4-Bdttom 4.90 3.90 1.00 20.4 X X X X x x  X 
KEY: 
X - pre s e n t  
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TABLE 1.- Concluded 
"" -~ 
S t a t i o n  no. Date Time La t i tude   Long i tude  Depth (m) 
- . . - -  - . . . 
809  6/20 2000 3 6 O  46.4 N 75O 49.0 W 1 5  
810  6/2 0 2235 36O 37.6 N 75O 41.2 W 1 7  
811 6/21 0835 3 6 O  48.7 N 75O 32.6 W 20 
813 6/2 1 1105 3 6 O  35.9 N 75O 31.2 W 18 
812 6/2 1 1410 3 6 O  34.5 N 74O 40.2 W 20 
71  6/21 1755 3 6 O  33.7 N 75O 48.1 W 1 4  
TABLE 2.- SAMPLE  STATION DATA: 
NOAA KELEZ CRUISE, JUNE 24-27,  1980 
t 
S t a t i o n  no. Date Time Lat i tude   Longi tude   Depth  (m) 
800  6/24 2152 36O 57.14 N 76O 02.63 W 12.8 
46 6/2 5 0703 36O 29.5 N 75O 22.7 W 24.0 
47  6/25 0808 36O 29.8 N 75O 32.0 W 15.8 
48  6/25 0857 36O 29.8 N 75O 39.8 W 24.0 
805  6/25 1236 36O 52.0 N 75O 56.1 W 9 .8  
70 6/2 5 1433 36O 52.3 N 75.O 53.6 W 15.5 
819  6/26 1015 36O 40.0 N 75O t w . 8  W 11.0 
820  6/26 1045 3 6 O  42.4 N 75O 53.9 w 11.9 
49  6/2 7 0825 36O 31.0 N 75O 52.0 W 27.4 
50 6 /2  7 0940 36O 52.0 N 75O 43.0 W 22.0 
51  6/27 1054 36O 52.0 N 75O 55.6 w 12  ..2 
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TABLE 3.- SAMPLE STATION DATA: 
R/V LINWOOD  HOLTON CRUISE, JUNE 18,  1980, AND JUNE 24, 1980 
. .  . " .. ~. .. "i 








































37O 04.31' N 
37O 04.20' N 
37O 03.30' N 
37O 02.50' N 
36O 59.90' N 
36O 57.75' N 
36O 55.60' N 
37O 04.31' N 
37O 04\2@' N 
37O 02.50' N 
36O 59.90' N 
36O 57.75' N 
36O 55.60' N 
75O 56.44' W 
75O 59.10' W 
75O 59.60' W 
76O 00.00' W 
76O 01.45' W 
76O 02.65' W 
76O 03.80' W 
750  57.44' w 
75O 59.10' W 
76O 00.00' W 
76O 01.45' W 
76O 02.65' W 
76O 03.80' W 
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M i d - D e p t h  39 
(3-8 m) 
N e a r   B o t t o m  4 1  
(>lo m) 
3.26  5.67 1.10 1.16  2.14  4.54 
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(b) Chesapeake Bay  entrance station locations. 
Figure 1.- Map showing station locations. 
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Figure 2.- Map  illustrating  concentration of total suspended matter (mg/R) 
in  surface  water adjacent  to Chesapeake  Bay entrance. 
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Figure 3.- Map  illustrating  concentration of total suspended matter (mg/R) 








Figure 4 .  Map i l l u s t r a t i n g  t h e  near-bottom  concentration of to ta l  
suspended matter (mg/R). 
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(a) Transects A, B, and C. 
PROFILE E 
(b) Transects D and E. 
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Figure 7.- Map illustrating concentration of total suspended inorganic 
matter (mg/R)  in surface water. 
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CHESAPEAKE BAY PLUME 
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Figure 8.- Nap illustrating concentration of total suspended  inorganic 
matter (mg/E) at intermediate depths. 
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Figure 9.- Map illustrating near-bottom concentration of total 
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(a) Transects A and B. 
PROFILE C 
VE 11200 
(b) Transects C and D. 
Figure 10.- Profiles of Superflux I11 transects illustrating total 
suspended matter concentrations (mg/R). 
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